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[57] ^ ABSTRACT 

The invention relates to a method for processing the param- 
eters of a speech coder according to the quality of the 
transnussion connection. The quality of the transmission 
connection is determined in a quality monitoring member 
{409) on the basis of erroneous/error-free classifications of 
single received frames so that for determining the quality of 
the transmission connection the classifications of single 
frames performed during several subsequent speech frames 
are scanned. On the basis of the quality of the transmission 
connection both the replacement procedure of erroneous 
speech frames carried out in the replacement member (402) 
and the processing of the frames detected as error-free 
carried out in the processing member (406) of error-free 
frames are controlled so that the effect of the transmission 
errors on the quality of the decoded speech signal remains 
insignificant (FIG. 4). 

17 Claims, 5 Drawing Sheets 
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SPEECH CODE PROCESSING 

FIELD OF THE INVENTION 

This invention relates to speech code processing, in 5 
particular processing speech code parameters in the receiver 
of a communication system. 

BACKGROUND OF THE INVENTION 

It is known for transmission errors to occur in the trans- 
mission path of a communications system and which act to 
impair the quality of the decoded speech signal in the 
receiver. Generally, attempts are made to avoid such trans- 
mission errors and in particular to protect speech coding 
parameters from such errors. For this purpose error correc- 
tion coding is usually carried out in the channel coding for 
the transmitter, in connection with the channel coding, for 
the most important parameters to be sent. By means of the 
error correction coding the transmission errors which have 
been generated in the transmission path and have affected 
the error correction coded parameters can be detected and 
possibly corrected in the channel decoding carried out in the 
receiver. This kind of a method has been described in the 
article Eurospeech-91, D. Serene, "Frame substitution and 
adaptive post-filteiing in speech coding", p. 595-598. Of ^ 
transmission errors that cannot be corrected by the channel 
decoder have been formed in the transmission path the 
channel decoder indicates that the received speech frame is 
erroneous. In the following when reference is made to an 
erroneous or an error-free speech frame it is referring to the 
detection of each individual erroneous fi^e that has been 
carried out for each received speech frame on the basis of the 
error correction coding and possibly by some other reason- 

The identification of erroneous or error-free speech 
frames can in some cases fail and create a situation in which 
the erroneous frame is interpreted as an error-fi^ one or an 
error-free frame as an erroneous crre. Occasionally, there is 
a situation in which the transmission error is not detected 
and the erroneous speech coding parameters are used for 
decoding the speech signal which is particularly difficult and 
results in incorrect decoding. Due to the restricted capacity 
or information bandwidth of a typical transmission channel 
not all parameten can be protected by error correction 
coding, thus not all transmission errors can be detected in the 
receiver 

FIG. 1 shows a schematic block diagram for a well-known 
receiver of a communication system for transmitting speech 
signals. A received digital information frame 100 is intro- 50 
duced into the channel decoder 101. The speech coding 
parameters 102 according to whatever speech coding 
method is used are received from the channel decoder, and 
for each fi^e an indication of the level or error 103 i.e. 
information about whether an error has been detected in the 55 
received frame that the chaimel decoding has been unable to 
correct, is also received from the channel decoder. The 
parameters of the speech coder are introduced further into 
block 104, where a processing of the coding parameters is 
carried out. The processing typically contains some system ^ 
for removing a bad frame or replacing it. The processed 
coding parameters 105 are finally introduced into the speech 
decoder 106, which on the basis thereof synthesizes the 
speech signal 107. 

FIG. 2 shows more precisely the processing block 104 for 65 
the coding parameters of FIG. 1. This block is designated by 
the reference numeral 200 in FIG, 2. The speech coding 
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parameters 201 of each received frame received from the 
channel decoder 101 are coupled directly to the output 203 
if the error indicator 202 also introduced from the chaimel 
decoder 101 into the processing block 200 indicates that no 
uncorrected transmission error has been detected in the 
parameters of the received frame, nor can a transmission 
error in the received frame be delected in the parametiers of 
the speech coder. The detection of transmission errors 
direcdy from the speech coding parameters is carried out in 
block 206 contained in the processing block of the. coding 
parameters. 

In the classifying block 207 the received frame is classi- 
fied either as erroneous or error-free on the basis of various 
error indicators. On the basis of the result of the classifica- 
don the switch 208 is controlled so that the received param- 
eters 201 are introduced direcdy into the output 203. the 
switch in position 2, if the speech frame has been classified 
as error-free. In the case of an error being detected in the 
speech frame, the switch turns to position 1. As a result of 
this the parameters received from the replacement, or erro- 
neous frames in the replacement black of erroneous frames 
204 are coupled to output 203. In replacement block 204 the 
parameters of the erroneous speech frame are replaced with 
the parameters of the last received error-free frame or on the 
basis of these parameters wiUi new parameters extrapolated 
from them by some suitable method. jpIG. 2 displays a delay 
block 205 which shows the dependency of the parameters of 
each of the frames to be replaced on the parameters used in 
the former frame during the replacement procedure. 

When information is received that the received speech 
frame is erroneous it is not worth while to bring the 
erroneous speech coder parameters to the speech decoder, 
but it is advisable to replace the lost speech frame by some 
suitable means such as described earlier. One well-known 
simple method to replace a lost speech frame is to silence the 
output completely instead of using the received erroneous 
parameters. This way of proceeding is not very good or 
practical because it causes breaks which clearly impair the 
quality of the synthesized speech signal. 

Another well-known method, which is a better way than 
silencing the speech signal decoding, is to use some or all of 
the parameters of the last-received good speech frame 
instead of die lost parameters. The eflBciency of this replace- 
ment procedure is based on the fact that most of the sounds 
of the speech signal last substantially longer than the frame 
leagth 20 ms typically used in speech coding and, thus, the 
properties of a speech signal do not vary very quickly. This 
kind of a procedure is described, for example, in UK patent 
application GE 1-2,238,933. At its best, a speech signal 
corresponding fairly well to a lost speech frame can be 
produced by a replacement procedure. However, a drawback 
is that it carmot be repeated many times, for example, when 
several subsequendy lost frames are being replaced the 
speech signal will gradually begin to sound unnatural and 
machine like. The duration of speech sounds is typically 
some hundreds of milliseconds at the most, so it is not 
reasonable to continue with the replacement procedure 
longer tiian this, when replacing several subsequent errone- 
ous frames it is worth while carrying out the replacing by 
processing the parameters of the speech coder so that the 
speech signal fades out during a certain finite time. Hereby 
no sound remains continuously ringing even in the case 
when a long sequence of solely erroneous speech frames is 
received. 

FIG. 3 shows a flow chart showing a replacement proce- 
dure of erroneous frames weU-known in die field, which can 
be used in the system according to FIG. 2. The state 0 in the 
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chart illustrates a situation where a frame classified as 
error-firee has been received and hence no replacement 
procedure is needed, and the speech coding parameters of 
the received frame are introduced as such into the speech 
decoder, the switch of FIG. 2 being in position 2. State 0 is 
entered every time the received frame has not been indicated 
as erroneous and all error- free frames are introduced into the 
speech decoder. When after an error-free frame the first 
erroneous frame is received, the replacement procedure 301 
for erroneous frames is started, whereby the switch of FIG. 
2 turns to position 1. In case of subsequent erroneous frames 
the states 2, 3» etc. are entered. During the replacement 
procedure 301 the parameters of the last error-free frame are 
used to replace the frame received in an erroneous form. The 
replacement procedure by means of the parameters of the 
last error-free frame is carried out for M-1 subsequent 
erroneous frames at the most, where M is a positive integer. 
After this the state M is reached, in which parameters 
silencing the output completely are introduced into the 
speech decoder In the replacement procedure the param- 
eters are typically processed so that they produce a more 
attenuated speech signal for each subsequent erroneous 
frame replaced i.e. the higher the state number reached in the 
flow chart of FIG. 3 the greater the attenuation. 

In the replacement procedure, usually, only the first 25 
speech frame to be replaced (i.e. when in state 1) is directly 
replaced with the parameters of the error-free frame as such 
and at least from the second frame to be replaced i.e. frame 
2 on, the parameters are processed so that the synthesized 
speech signal begins to attenuate. The attenuation of a 
speech signal to be synthesized can be carried out using 
linear predictive coding of LPC type (Linear Predictive 
Coding), for instance, by attenuating the strength of the 
excitation signal from frame to frame. 

The operation of the system can be described as follows 
using the markings 
r^^.=parameter which is received from the chaimel 

decoder and which transmits the amplitude of the 

speech signal to be synthesized, 
W^^a^^^tsj^ which transmits the amplitude of the 

speech signal to be synthesized and which is fed into 

the speech decoder, 
rrf,^^^=parameter which transmits the amplitude of the 

speech signal to be synthesized and which has been fed 

into the speech decoder during the previous speech 

frame 

step=^ constant attenuating the replacement procedure 
during subsequent erroneous frames 
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In known speech coding systems which use the above- 
described replacement procedures of erroneous frames, a 
replacement procedure is carried out independently of the 
quality of the transmission connection. Thus, the replace- 
ment procedure is started as strongly for relatively good 
channel conditions as for very bad channel conditions. 
Hereby, some subsequent good frames that have arrived 
during a bad transmission connection in portions containing 
mainly erroneous frames start a replacement procedure 
continuing over several frames. Thus, a major part of the 
speech synthesized by a speech decoder during a transmis- 
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65 



sion connection of bad quality is speech produced solely by 
means of the replacement procedure. By carrying out a 
strong replacement procedure when a bad transmission 
connection is prevailing is; is endeavoured to artificially 
lengthen the duration of the speech signal, although so few 
error-free speech frames are received there is insufficient 
information to initiate, on the whole, the replacement pro- 
cedure on reasonable grounds and so that lost speech frames 
could be replaced by means of it well enough. During a bad 
transmission connection when a strong replacement proce- 
dure is started based on a single frame indicated as error- 
free, machine like sounds which the human sense of hearing 
cannot at all interpret as speech are caused in the speech 
signal deteriorating its quality. 

In known speech coding systems the error-free speech 
frames are introduced into die speech decoder independent 
of the condition of the transmission connection. During a 
transmission connection of bad quality it is, however, not 
sensible, as far as the quality of the speech is concerned, to 
bring the parameters of a frame indicated as error-free as 
such directly to the speech decoder. However, it is worth 
while to soften in some suitable way the transition from the 
replacement procedure or instigate a complete attenuation of 
tiie output of the speech decoder to the use of speech frame 
parameters. This is due to several factors. Firstly, the acti- 
vation of the speech decoder after a long transmission 
connection can produce a sudden change in the speech 
signal which impairs the quality of die speech. Although the 
parameters of the speech signal were error-free the speech 
decoder has, because of the break, lost information relevant 
to die previous frames of the .speech and used in decoding 
later speech and will not start decoding of die speech signal 
from a correct internal state. The internal state is aflfccted e.g. 
by the values of the state variables of filters contained in the 
speech decoder, which after a long replacement procedure 
phase are no longer correct. Secondly, during a bad trans- 
mission connection it is more likely than otherwise that the 
error correction coding has failed in the frame interpreted as 
error-free and has given a wrong indication of the level of 
error in the speech frame- the received frame identified as 
error-free can contain bad transmission errors. 



SUMMARY OF THE INVENTION 

According to a first aspect of the invention there is 
provided a method for processing speech frames in a 
receiver, comprising classifying a received speech frame as 
erroneous or error-free and placing an erroneous frame in 
one of several replacement states (state D,, state D2» . . . state 
D^) for replacing the erroneous frame with a frame corre- 
sponding to a previously received error-free speech frame 
wherein the quality of a transmission cormection is deter- 
mined by means of the erroneous/error- free classifica- 
tion such that the quality deteriorates as the number of 
enoneous speech frames increases; 
the replacement of erroneous frames is depending on the 
quality of the transmission cormection such that the 
duration and strength of the replacement is decreased 
while the quality deteriorates; and 
error-free frames are reduced in strength for a transmis- 
sion cormection of bad quality and in a transmission 
connection of good quality error-free frames are unat- 
tenuated, 

. According to a second aspect of die invention there is 
provided a method for processing speech frames for a 
receiver, comprising 
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classifying a received speech frame as an error-free or 
erroneous speech frame; 

defining a first stale Dj for replacing an erroneous speech 
frame with a speech frame corresponding to a previous 
error-free speech frame; 5 

defining ftuther first sequential states D2 . . . D^/ corre- 
sponding to subsequent occurrences of erroneous 
speech frames and for replacing said subsequent erro- 
neous speech frames with said speech frame corre- 
sponding to a previous error-free speech frame having 
sequentially increasing attenuation corresponding to a 
particular state D2 . . . D^; and 

defining a second sequence of states U^. . . U^,j respec- 
tively corresponding to an error-fi^ frame being 
received during respective states Dj, . , Dji,; 

wherein a further occurrence of an error-free frame 
defines a state in a lower sequential position of said 
second sequence of states (U^. . . U^.J and an occur- 
rence of an erroneous frame defines a corresponding 20 
first state (Dj. . . D^,). 

According to a third aspect of the invention there is 
provided a digital communications receiver comprising 

classification means for classifying a received channel 
decoded speech frame as erroneous/error-free; 25 

a replacement means for replacing erroneous frames with 
frames conesponding to previously received error-free 
speech frames; 

coupling means, which in response to a control signal 
given by the classifying means couples either a 
replaced frame or an error-free speech frame to a 
speech decoder further comprising; 

a frame processing means, for receiving speech frames, 
processing received frames and coupling processed 
frames into the coimecting means; 

a quality control means, responsive to said control signal 
for producing a signal indicative of the quality of a 
transmission connection, wherein 

the replacement means decreases the duradon and 40 
strength of the replacement of erroneous frames while 
the quality of the transmission connection deteriorates 
compared with the replacement carried out during a 
good quality transmission connection; and 

the frame processing member processes the frames such ^5 
that for a bad quality transmission connection the 
speech signal produced by the speech decoder is attenu- 
ated and for a good quality coimection the frames are 
not processed by the frame processing means. 

An advantage of the present invention is that speech 50 
quality can be improved. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a schematic block chart of principle of the 55 
receiver of a conununications system; 

FIG. 2 shows a replacement procedure of erroneous 
frames according to a system known in the field; 

FIG. 3 shows a flow chart of a replacement procedure of 
erroneous firames known in the field; 

FIG. 4 shows a receiver according to the invention, in 
which both the replacement of erroneous frames and the 
processing of error-free frames are carried out dependent on 
the quality of the transmission connection; 55 

FIG. 5 shows a flow chart of the system according to the 
invention; and 
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FIG. 6 shows an example illustrating the change of the 
states in the system operating in accordance with the inven- 
tion. 

DETAILED DESCRIPTION OF EMBODEVIENTS 
OF THE INVENTION 

Embodiments of the invention are now described by way 
of example only and with reference to the above-described 
drawings. 

The processing system 400 of speech coding parameters 
shown in FIG. 4 differs from the systems known in the field, 
for example from those shown in FIG. 2, in such a way that 
in the system of FIG. 4 the quality of the transmission 
connection is estimated in block 409 and the outcome is used 
to control the processing of the speech coding parameters- 
Both the replacement ortho erroneous frames 402 and the 
processing of the error-free frames carried out in block 406 
are controlled on the basis of the quality of the transmission 
connection. 

In the system either the parameters produced by the 
replacement procedure (switch 408 in position 1) or the 
parameters of the received frame indicated as error-free 
(switch in position 2) are introduced into the output The 
quality of the transmission connection is determined on the 
basis of the individual error indications of the received 
frames in block 409. The indication of the errors is carded 
out in block 410 and it is based on the information 402 
received from the channel decoding and possibly on frame 
errors detected by other means, e,g. errors identified directly 
from the speech coding parameters in block 407. 

When the transmission connection has been deieimined in 
block 409 as bad and the frame received has been classified 
as erroneous, the parameters of the replacing frame are 
processed in the replacement block of erroneous frames 402 
so that the decoded speech signal fades out quicker than in 
the case where the transmission connection is detenxuned as 
good. 

A strong replacement procedure is allowed when the 
transmission connection has been determined as good qual- 
ity and erroneous frames have been received. 

When the transnussion connection has been determined as 
particularly bad and when frames classified as erroneous are 
received, replacement of erroneous frames by using param- 
eters derived from the last error-free frame is not necessarily 
carried out at all, but the output of the speech decoder is 
attenuated completely for the first frame classified as erro- 
neous. 

When die received frames have been determined as 
error-free they are introduced into the output (switch 408 is 
in position 2) either as such or processed depending on the 
quality to which the transmission connection has been 
determined to belong to. The frames are attenuated in block 
406, according to the estimation of the quality of the 
transnussion connection carried out by the estimation block 
409, by a greater amount the poorer the transmission con- 
nection has been when the frame indicated as error-free is 
received from the channel decoder. 

Only in the case when the quality of the transnussion 
connection in block 409 has been determined according to 
the best possible one, are the coding parameters introduced 
directiy into the output 403 for the synthesising of speech 
signal in the speech decoder. Otherwise, the speech coding 
parameters are processed so that the speech signal produced 
by them in the speech decoder is more greatiy attenuated the 
poorer the transnussion cormccdon is in which the frame 
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indicated as error-free is received. The transition from the 
break state, when the speech coder has been attenuated 
completely, to the use of the parameters of the received 
speech ftame is softened in this way because the activation 
of the speech decoder after a long break of a transmission 5 
coimecdon can produce a sudden change in the speech 
signal impairing the quality of the speech and. also because 
during a bad transmission connection it is more likely that in 
a frame interpretecy as error-free the error correction coding 
has failed and the frame indicated as error-free is in reality 
an erroneous one. 

in FIG. 5 there is shown an embodiment of a flow chart 
realising a system in accordance with the invention. In the 
flow chart die system 501 used for the replacement of the 
erroneous frames and the system 502 used for processing the ^ ^ 
error-free frames have been separated as individual parts in 
the system in accordance with the invention a similar state 
structure 301 as in FIG. 3 can be used for replacing the 
erroneous frames, with the exception and surprising expe- 
dient that the replacement of bad frames can be started 
(dependent on the quality of the transmission coimection:) 
from any state, even in the state where the output of the 
speech decoder is directly attenuated completely (state D,^). 
Correspondingly as in the known system shown in FIG. 3 
only the first speech frame is directly replaced with the ^ 
parameters of good frame, and from processing of the 
second frame, the replacement of parameters is such so that 
the synthesized speech signal is attenuated more greatly the 
greater the number of subsequent frames replaced. The 
replacement procedure continues by using the parameters of 
the last received error-free frame until the state is entered 
where the output of the speech decoder is attenuated com- 
pletely. 

The attenuation of error-free frames fore bad transmission 
coimection is carried out in the processing of error-free 35 
frames 501 during the states U„.iiU„.2. . . . . Ui such that 
only when the quality of the transmission connection has 
improved sufficiently is state 0 entered i.e. the speech coding 
parameters 401 received from the channel decoder that have 
arrived at the processing block 400 of HG, 4 are allowed to 40 
go directly to the output 403 to be introduced into the speech 
decoder. Only in state 0 i.e. in case of the case of the best 
transmission coimection classification is the received frame 
taken directly to use in the speech decoder In state U^j 
processing is carried out for the speech coding parameters of 45 
the frame indicated as error-free which attenuates the signal 
to be decoded the most. The attenuation decreases towards 
state Ui. A strong attenuation is used when the chaimel is in 
the poorest classification state i.e. in the case where the 
error-free frame is received when the output of the speech 50 
decoder is completely attenuated (i.e. the system being in 
state D^f). 

In the above-described embodiment the amplitude of both 
the replacement of the erroneous frames and the attenuation 
of the eaor-free frames depends on which level of the chart. 55 
according to HG. 5. This, for its part, is determined by the 
quality or the transmission connection i.e. how great a 
potdon of the preceding frames coupled to the receiver has 
been indicated as erroneous. In the embodiment above the 
state of the transmission connection is estimated with a state 60 
machine arrangement, in which the arrival of an erroneous 
or an error-free speech frame transfers the state of the system 
in different directions and which, in this way, determines 
from frame to fr^e the quality of the Umismission connec- 
tion on the basis of error indications of single frames. The 65 
quality determination of a transmission connection accord- 
ing to the invention can be performed on the basis of error 
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indications of single frames also by other means than by a 
state system arrangement according to FIG. 5. 

In the system in accordance with the invention any known 
replacement procedure of erroneous frames can be used, for 
example the system presented in conjimction with FIG. 3, in 
which the value of the parameter transferring the strength of 
the excitation signal is decreased step by step. By using a 
greater step size step (STATE DJ, in which i=2 . . . , M-1, 
of decrease the poorer the transmission connection is the 
replacement procedure can be attenuated in the case of a bad 
transmission connection rapidly and thus a strong depen- 
dency is achieved in regard to the quality of the transmission 
connection and the strength of the replacement procedure 
step (STATE D^) > step (STATE D^j), i=2, . . . , M-2). This 
can be realised, for example as follows: 



STATED,: U^ = T^,pr.. 

STATE Dj; i = 2 M-1 r^^ = r^^pc^y - dsiep (STATE 

STATE Dm'. aucnuatc Uic output of ihe 

speech decoder completely 



The reception of the error-free frames starts the process- 
ing 501 of the error-free frames, which is used except to 
control the strength of the replacement of the erroneous 
frames in the above-described manner, also to prevent a too 
big change in the speech signal when the transmission 
connection becomes activated. The poorer the transmission 
connection is when speech frames indicated as error-free are 
received, the more states of the processing of error-free 
frames 501 are passed before the speech coding parameters 
are introduced dircctiy into the speech decoder i.e. the state 
0 is reached and the softer the change to the use of received 
speech coding parameters becomes. 

Several different methods can be used for the attenuation 
of the speech coding parameters in the states of the process- 
ing 501 of the error-free frames. For example, the rate of 
change of the speech coding parameter affecting the syn- 
thesised speech can be limited to the value ustep (STATE 
depending on the state of the system: 



STATE Ui;i = M-1. M-2 1: 

ustepCSTATE U;) 
then - ^d«^v r 

ustcpCSTATE Ui); 

otherwise x^^^ = 



The parameter concerned affecting the strength can also 
be attenuated directiy with the value mpher (STATE U^) 
depending on the state: 



STATE Ui;i = M-1. M-2 1: 

tdoo = r,^ * mpKcKSTATE U^) 



In state 0 the speech coding parameters are introduced as 
such into the speech decoder i.e. 

STATE 0:rrf^^„^ 

In FIG. 6 an example is given illustrating the change of 
the states in the operation of the system working on the basis 
of the quality of the transmission coimection. In the case of 
the example the arrangement according to FIG. 5 has been 
used, in which there are 6 levels (M=6) in the processing of 
the erroneous frames and 5 levels in the processing of the 
error-free frames. In the left column subsequent frames have 
been indicated by consecutive numbers. In the following 
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column the classification of each frame has been indicated 
so that the erroneous frames have been marked with B (Bad 
frame) and the erroT-free frames with g (good frame). In the 
figure the time order is from up to down so that below there 
are the indications related to the frames that have arrived last 5 
to the receiver. From the error indications one can see that 
the transmission connection deteriorates in this example as 
a function of time i.e. the number of frames indicated with 
B increase. 

In the third column from left the progress of the process- lO 
ing of the speech frames is presented based on the error 
indications of the second column as reallead by the arrange- 
ment according to FIG. 5. The processing state of each frame 
is marked so that the letter possibly related to the state is 
presented before the number of the state. D3, for example, 15 
means that one is in the state STATE D3 of the replacement 
procedure of erroneous frames. For the sake of comparison, 
the corresponding progress in the prior known system 
according to FIG, 3 has been marked in the figure, in the 
right hand column, i.e. the numbers of the passed states in 20 
the replacement of erroneous frames. In that case the opera- 
tion transfers directly from the replacement state to transmit 
the parameters of the error-free frame (State 0) immediately 
when such a frame is received. 

The differences between known systems and the present 25 
invention appear clearly from the two right hand columns. 
Tlie column "Processing slate according to the invention" 
shows clearly that the replacement procedure by using the 
parameters of the error-free frame is not carried out for a 
very long time when the charmel becomes worse. For die 30 
bad frames beginning at frame 16 a full replacement pro- 
cedure of the length of 5 frames is still carried out by using 
the parameters of the last error-free frame before the attenu- 
ation of the output of the speech decoder. The worse the 
transmission connection is the shorter is the duration of the 35 
replacement carried out for the erroneous frames. For the 
bad frames beginning at frame 24 only a replacement lasting 
only one frame is carried out before the output of the speech 
decoder is attenuated completely. When the transmission 
connection is further deteriorated the replacement procedure 40 
is dropped completely and state is reached, in which the 
output of the coder is fully silenced. The speech coding 
parameters received in the frame 30 indicated as error-free 
are introduced into the speech decoder and after that the 
replacement by using the parameters of the error-free frame 45 
is not started at all, and at the frame 31 the use of the 
parameters fully attenuating the output of the speech 
decoder is directly started. 

Except that the replacement procedure is strong only in a 
fairly good transmission cotmecdon (in the upper portion of 50 
FIG. 6), also the transmission of error-free frames to the 
speech decoder takes place only in a good transmission 
cormection (State 0). When the transmission coimcction is 
deteriorating when approaching the lower portion of the 
figure even the parameters of the speech coder received as 55 
error-firee are introduced into the speech decoder so pro- 
cessed that a sudden opening of a transmission cormection is 
prevented, 

. in view of the foregoing description it will be evident to 
a person skilled in the art that various modifications may be 60 
made within the scope of the invention. 

The scope of the present disclosure includes any novel 
feature or combination of features disclosed therein either 
explicitly or implicitly or any generalisation thereof irre- 
spective of whether or not it relates to the claimed invention 65 
or milligates any or all of the problems addressed by the 
present invention, the applicant hereby gives notice that new 
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claims may be formulated to such features during prosecu- 
tion of this application or of any such further application 
derived therefrom. 
What we claim is: . 

1. A method for processing speech frames in a receiver, 
comprising the steps of: 

classifying a received speech frame as erroneous or 
error-free and placing an erroneous frame in one of 
several replacement states (state Dj, state D2, . . state 
Djvf) for replacing the erroneous frame with a frame 
corresponding to previously received error-free speech 
frames, 

wherein a quality of a transmission connection is deter- 
mined by means of an erroneous/error free classifica- 
tion such that the quality deteriorates as a number of 
erroneous speech frame increases; 

a replacement of erroneous frames is dependent on the 
quality of the transmission connection such that a 
duration and strength of the replacement is decreased 
while the quality deteriorates; and 

error-free frames are reduced in strength for a transmis- 
sion connection of bad quality and in a transmission 
connection of good quality eiror-free frames are unat- 
tcnuatcd. 

2. The method according to claim 1, wherein an arrival of 
a speech frame indicated as erroneous moves the replace- 
ment state (Dj . . . D^) in a direction of a poorest transmis- 
sion cormection quality measure (T>^), and an arrival of a 
speech frame indicated as error-free transfers the replace- 
ment state in a direction of a better quality transmission 
cormection. 

3. The method according to claim 1, wherein when the 
quality of transmission connection has been determined as 
poorest replacement frames are completely attenuated in the 
replacement state (state D^). 

4. The method according to claim 1, wherein in deter- 
mining the quality of the transmission connection some 
other information is used in addition to the erroneous/enor- 
free information of a single received frame. 

5. The method according to claim 1, wherein only one of 
controlling of the replacement procedure of erroneous 
frames and controlhng of die processing of error-free frames 
is carried out according to the quality, of the transmission 
cormection. 

6. A digital communications receiver comprising: 
classification means for classifying a received channel 

decoded speech frame as erroneous/error-free; 

a replacement means for replacing enoneous frames with 
frames corresponding to previously received error-free 
speech frames; 

coupling means, which in response to a control signal 
given by the classifying means couples either a 
replaced frame or an error-free speech frame to a 
speech decoder, said receiver further comprisuig; 

a frame processing means, for receiving speech frames, 
processing received frames and coupling processed 
frames into the coupling means; 

a quality control means, responsive to said control signal 
for producing a signal indicative of the quality of a 
transmission cormection, wherein 

the replacement means decreases a duration and strength 
of the replacement of erroneous frames while the 
quality of the transmission cormection deteriorates 
compared with the replacement carried out during a 
good quality transmission connection; and 
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the frame processing means processes the frames such 
that for a bad quality transmission connection a speech 
signal produced by the speech decoder is. attenuated 
and for a good quality connection the frames are not 
processed by the frame processing means. 5 

7. The receiver according to claim 6, wherein the quality 
control means indicates a poorer transmission connection 
quality when a speech frame indicated as erroneous arrives 
at the receiver and indicates a better quality transmission 
connection when a speech frame indicated as error-free is 
received at the receiver. 

8. The receiver according to claim 6. wherein the replace- 
ment means skips one or several replacement slates when 
the quality of the transmission connection deteriorates 
quickly 

9. A method for processing speech frames for a receiver, 
comprising the steps of: 

classifying a received speech frame as an error-free or 

erroneous speech frame; 
defining a first state Dj for replacing an erroneous speech 

frame with a speech frame corresponding to a previous 

error-free speech frame; 

defining further first sequential states (D2. . . D^) corre- 
sponding to subsequent occurrences of erroneous 
speech frames and for replacing said subsequent erro- 25 
neous speech frames with said speech frame corre- 
sponding to a previous error-free speech frame having 
sequentially increasing attenuation corresponding to a 
particular state (Dj. . . D^); and 

defining a second sequence of states (U^. . . U^.j)respec- 30 
lively corresponding to an error-free frame be ing 
received during respect ive states (Dp . . Dj^^); 

wherein a further occurrence of an error-free frame 
defines a state in a lower sequential position of said 
second sequence of states (U^. . . U^.j) and an occur- 35 
rence of an erroneous fi^me defines a corresponding 
first state (Di. . . D^^). 

10. The method according to claim 9, wherein the 
sequence of states (U„. , . U^^.i) attenuate said error-free 
frames corresponding to a positional order of each state (U^. '^O 
. . Vf^,]) and where has a zero attenuation. 

11. The method according to claim 9, wherein each state 
in the second sequence of states (U^. . . Uj^^.j) carries out 
zero attenuation on the error-free frames. 

12. The method according to claim 9, wherein an occur- 45 
rence of an erroneous frame subsequent to an occurrence of 
an error-free frame results in state 

13. A method for processing speech parameters obtained 
in frames from a channel decoder together with an indicadon 

of whether a speech parameter frame is erroneous or error- 50 
free, comprising the steps of: 

receiving a speech parameter frame; 

classifying the received speech parameter frame as erro- 
neous or eiTor-free; and 

placing an erroneous speech parameter frame in one of 
several replacement states (state Dj, state D2 . . . state 
D^) for replacing the erroneous speech parameter 
frame with a frame corresponding to a previously 
received error-free speech parameter frame; go 

wherein the quality of a transmission connection is deter- 
mined by means of an crroncous/error-fiee classifica- 
tion of speech parameter frames such that the quality 
decreases as the number of received erroneous speech 
parameter frames increases and wherein the quality 65 
increases as the number of received error-free speech 
parameter frames increases; 
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wherein the replacement of erroneous speech parameter 
frames is dependent on the determined quality of the 
transmission connection such that an attenuation 
employed in the replacement is increased and the 
duration of the replacement is decreased when the 
quality decreases; and 

wherein a processing of error-free speech parameter 
frames is dependent on the detamined quality of the 
transmission connection such that the processing is 
placed in one of several processing states (state 0, state 
Up state Uj. . . state XJ^-i)* wherein speech parameter 
frames are unattenuated only when in slate 0. 

14. The method according to claim 13, wherein an arrival 
of a speech frame indicated as erroneous moves the replace- 
ment Slate (Dp , . D^) in a direction of a poorest transmis- 
sion connection quality measure (D^^), and an arrival of a 
speech firame indicated as error-free moves the replacement 
state in a direction of a better quality transmission connec- 
tion. 

15. The method according to claim 13, wherein when 
receiving an erroneous speech parameter frame at the lowest 
processing state Uj^.i^ no replacement of the erroneous 
frame is performed. 

16. The method according to claim 15, and fiirther com- 
prising a step of completely attenuating an output of a 
speech decoder. 

17. A method for operating a digital communications 
receiver of a type that includes a channel decoder for 
providing channel decoded speech frames to a speech 
decoder, comprising the steps of: 

classifying a received channel decoded speech frame as 
one of an erroneous status and an error-free status; 

maintaining an indication of the status of a plurality of 
previously received channel decoded speech frames, 
and adjusting on a received frame by received frame 
basis the indication between a highest level that is 
indicative of a plurality of consecutively received chan- 
nel decoded speech frames being classified with error- 
free status, and a lowest level indicative of a plurality 
of consecutively received channel decoded speech 
frames being classified with erroneous status; 

for each received channel decoded speech frame, and in 
accordance with a current level of the maintained 
indication, performing the steps of: 

for the lowest level of the maintained indication, disabling 
an output of the speech decoder; 

for the highest level of the maintained indication, provid- 
ing the received channel decoded speech frame to the 
speech decoder; 

for an intermediate level between the highest level and the 
lowest level, and for a received channel decoded speech 
frame that is classified as being in an erroneous status, 
replacing the received channel decoded speech frame 
widi a replacement frame corresponding to a previously 
received error-free channel decoded speech frame, the 
replacement frame being attenuated as a function of the 
current level before providing the replacement frame to 
the speech decoder; and 

for an intermediate level between the highest level and the 
lowest level, and for a received channel decoded speech 
frame that is classified as being in an error-free status, 
attenuating the received channel decoded speech frame 
as a function of the current level before providing the 
received channel decoded speech fiBme to the speech 
decoder. 

* 4t >|t « 
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